Supposedly, comet dust should be amorphous silicate-like materials, and small Mg-olivine (forsterite, Mg 2 SiO 4 ), Mg-pyroxene (enstatite, MgSiO 3 ), and some Fe-Ni-sulfide grains. Comet Wild 2 is a 'garbage bag' with an unanticipated wide variety of minerals with some verging on the bizarre. In current models of solar system formation, the minerals condensed from a solar nebula gas, where the possibility exists that many of the minerals were thermally processed by approaching the sun, and then transported to their original formation zones by a combination of turbulent transport, expulsion in the sun's bipolar outflows, and eventual migration back to the solar nebula mid-plane. We have learned that our solar system is not unique. Infrared observations of young stars, such as Beta Pictoris (Figure 2 ), in different stages of evolution showed how cometesimals orbiting the star maintain a dusty disk. Grains in these disks include amorphous magnesiosilica grains, Mg-silicates, FeS, calcite (CaCO 3 ), dolomite [CaMg(CO 3 ) 2 ], spinel (MgAl 2 O 4 ) and corundum (Al 2 O 3 ) grains.The microscopic properties of the Wild 2 dust will link directly to the astronomical observations of comets.
The collector was an Au-foil covered aluminum frame that holds silica aerogel tiles. The low density, micro-porous (10-nm) aerogel was a rigid three-dimensional network of nanometer-sized SiO 2 clusters linked together forming chains. It has a high surface area (1000 m 2 /g), ver y low thermal conductivity (~0.02 W/mK), and was designed for intact capture of particles impacting at 6.1 km/s ( Figure  3 ). Initial inspection of the collector showed that all tiles were intact and literally riddled with tracks caused by impacting comet particles (Figure 4 ), but intact capture didn't happen. It was also not expected. Hypervelocity impact experiments using mineral or composite-mineral projectiles showed that they survived encapsulated in aerogel or fractured with aerogel penetrating along fractures. The grains in aerogel show survival as a function of grain size from fracturing of large grains to complete melting and dispersal in silica glass of small grains. C omet particles that impacted the aluminum frame produced craters that often contained a melt residue with preserved nanometer grains.
Deceleration tracks in silica aerogel
Particles that impacted the aerogel carved their individual tracks. Track morphology is a first-order indicator of the physical property of the comet particle [1, 2] . A thin, slender track indicates a particle that was a compact mineral grain with few fragments. In general, particle fragmentation led to substantial lateral tracks off the main track. Most tracks have a bulbous cavity with, or without (rare), a single stylus ( Figure 5 ) or two bifurcating stylii. This cavity is caused by the sudden release of copious volatiles from a volatile-rich particle.
The track features suggested that most comet particles were weakly constructed mixtures of nanometer-size grains with occasional grains, ~1 to ~10µm, and terminal grains up to 20 µm in size at the end of a stylus. Track lengths range from 50 µm to 1 cm measured from the penetration hole to the end of the stylus; most track lengths are in the millimeter range. In a typical track most grains of the comet particle were deposited near the entry hole, but with hundreds of grains also along the entire track including the stylus ( Figure 5 ).
Morphology and chemical properties of Wild particles
The loose bonding of the comet aggregates suggests intact preservation in comet ice since accretion 4.56 Gyrs ago. Much stronger, up to 0.15 MPa, cometary meteors [3] continuously delivered aggregate interplanetary dust particles (IDPs) ( Figure 6 ). Some aggregate IDPs are undoubtedly from comets but we don't know which ones [4] . The mechanically stronger IDPs (~5 to ~300 µm) were probably modified during ~10,000 years of space sojourn. It is unlikely that their Mg-Fe-Ca silicates and Fe-Ni sulfides (about 50 nm to ~10 µm) grains were altered substantially. These aggregate IDPs and the larger cluster IDPs could serve as a reference when investigating Wild 2 particles and grains. These IDPs have a chondritic bulk composition, i.e. their element abundances are similar to those in the solar photosphere and primitive CI ('I' stands for the Ivuna meteorite) carbonaceous chondrites. Albeit variable, the bulk composition of Wild 2 particles is CI-like for Mg, Si, Ca, Ti, Mn, Fe and Ni. Volatile elements (Cu, Zn and Ga) are present in >CI values [5] . The bulk sulfur content is <CI, but CI values for sulfur are found locally on a micron scale. Was sulfur lost during hypervelocity impact, or is comet Wild 2 simply low in sulfur? When trying to unravel the information arising from the comets particles, it is important to distinguish two repositories: (1) silica glass and (2) track walls and the stylus.
Dust and minerals in aerogel
Early results indicated that impact-induced temperatures reached ~1500 o C but temperatures up to 10,000 o C were theoretically possible with steep micron-scale gradients. At these temperatures, silica aerogel melts. In the high-resolution transmission electron microscope (HR-TEM) the original porous but somewhat compressed aerogel is readily recognizable. It is in contact with but not mixed with Si-rich glass that is quenched aerogel melt. The glass is a matrix for hundreds of randomly scattered opaque inclusions (Figure 7 ) that were derived from Fe-Ni-S [6] . Many inclusions have a core-rim structure. The cores had low sulfur compositions. The rims contained more sulfur, generally FeS-like, but some grains with very high sulfur content were found (Figure 8 ). The rim can be only a few or several nanometers wide. The morphology of thicker rims suggests drag in a fluid medium but this notion and its implications, and the question of sulfur loss or re-distribution, are still poorly explored at this time. Other, subhedral, Fe-Ni-S inclusions have a Fe-rich metal core and a FeS-like rim (Figure 9 ). Both core and rim have low-Ni contents and in this grain Ni is somewhat enriched at the core-rim boundary. The EFTEM composite is a very visual reminder of the chemical and mineral complexity in the captured comet nanograins. What was indigenous to the comet, and which features were thermally induced? Obviously, more systematic analyses will be required.
Figure 4: Scientist i n t h e S t a r d u s t receiving laboratory
Everywhere one looks, the glass matrix showed trace amounts of Mg, Ca, Al and K, with local concentrations up to 5-wt%, which came most likely from melted comet silicate nanograins that were assimilated in silica melt, e.g. amorphous K-rich aluminosilica grains. There were well-preserved Mg-rich olivine and low-Ca Mg-pyroxene crystals (~500nm) with a partial rim of highly compressed pure-SiO 2 aerogel. Other partial rims were silica-rich glass but without opaque inclusions, and yet other rims were Si-rich glass with opaque inclusions ( Figure  10 ). The boundaries between crystal, rim and silica glass showed no evidence of chemical interactions. Whatever processes produced these rims, their formation preserved the comet grains. Typically, small grained comet particles, with sizes <500nm, experienced the most severe interactions with the aerogel. Larger comet grains escaped severe interactions with the impact-generated silica melt.
Grains in tracks and terminal grains
A typical scenario for a comet particle with one or a few large (>5 µm) grains is that the particle gradually loses its numerous micron to nanometer sized subgrains during deceleration-depositing them along the entire track wall and the stylii (Figures 5 & 12 ). An entire track can be excavated intact from an aerogel tile to produce a keystone ( Figure  11 ). In this way, with minimal interference by aerogel, measurements of grains along an entire track and other intact features were made, e.g. light-optical tomography, and a variety of chemical analyses [1, 5, 6] . Individual grains were extracted for analyses by Synchrotron XRD and XRF techniques, FTIR and Raman spectroscopy and HRTEM. A sample for HRTEM analysis had several serial ultramicrotome sections on a standard TEM grid prepared in an ultra-clean room at the NASA/JSC Curatorial Facility, thereby minimizing contamination of comet samples.
Minerals similar to comet grains occur in aggregate and cluster IDPs where they are well ordered, except when iron-oxidation had occurred. The abundance of beautiful, well-ordered, stoichiometric minerals in comet Wild 2 was truly amazing. The terminal grains were (1) Mg-rich olivine (Figure 10) , with MnO and Cr 2 O 3 each up to 1-wt%, (2) Mg-rich, low-Ca-pyroxene, (3) composite grains of about equal amounts of these minerals, and (4) mainly Fe,Ni-sulfide grains ( Figure 13 ) [1, 6] . The latter included an 8 µm grain identified as a large FeS crystal with a smaller low-Ca pyroxene crystal plus a fine-grained aggregate with a chondritic composition [1] that might be an example of surviving nanometer grains.
While the above-listed minerals are common, some terminal grains were amazing assemblages. For example, one composite refrac- tory grain [1, 6] was made up of high-temperature minerals (Figure 14) . Such Ca-Al-Ti-rich minerals were previously found only in Ca-Al-rich inclusions in CV3 and CM2 carbonaceous chondrite meteorites and rare IDPs. Transport models predict that after formation near the sun, these minerals left the solar nebula via the sun's bipolar outflows, and were then transported to the Kuiper Belt to mingle with the dust from which comet Wild 2 accreted. Long-range transport models were now confirmed. Another terminal grain (track 56) was a sub-to micron grain sized composite of roedderite [(Na,K) 2 (Mg,Fe) 5 Si 12 O 30 ], richterite (an amphibole mineral but no -OH yet reported), Na-and K-bearing silica glass, Mg-pyroxene, plus FeS [6] . It is extremely unusual to find such alkali-rich silicates in a comet. They are reminiscent of rare hyper-alkaline chondrules found in ordinary chondrite meteorites that make up about 85% of all meteorites. Chondrules are quenched-liquid droplets of uncertain origin but most certainly involved thermal processing of solar nebula dust and modification in asteroids. This bizarre terminal grain then also supports long distance dust transport.
Summary and future analyses
The STARDUST Preliminary Examination Team consisted of several sub-teams. I discussed HRTEM results from the Mineralogy/Petrology sub-team [6] . I invite the reader to peruse the papers and supplements in the special section of Science Magazine, 314, December 15, 2006. The captured grains are complex nanomaterials that pose a challenge to complete characterization using stateof-the-art techniques. Comet Wild 2 was a surprising mineralogical 'garbage bag' . Fortunately, the dark specter of hopeless contamination of the comet grains with silica did not happen and grain preservation is remarkably high. Excellent data will be forthcoming along with an understanding of all the implications. Our solar system is in the good mineralogical company of other young stars. The first olivine found settled the question: "are there Mg-silicate minerals in comet nuclei?" Models for long-range dust transport and dust aging are now an almost respectable new paradigm. Not a bad result after just one and a half year of scratching the tip of the iceberg. n Acknowledgments:
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